Introduction: The WW domain-containing oxidoreductase (WWOX), widely expressed in human tissues, is considered as a tumor suppressor gene and plays an important role in the incidence and progression of human cancer, HCC included. This study was to investigate the correlation between single nucleotide polymorphisms (SNPs) of the WWOX gene and the prognosis of hepatocellular carcinoma (HCC) patients. Materials and Methods: After a total of 152 HCC patients were recruited, 8 cases with tumor recurrence within 2-years after operation and 8 cases without recurrence were selected randomly for SNP genotyping and screening using Affymetrix Array 6.0. And then we confirmed candidate SNPs in the remaining 136 patients by time-of-flight mass spectrometry (TOF-MS). Results: In total, 32 SNPs were screened and identified as candidate SNPs with one SNP in particular, (rs9926344), being further verified to be valuable. We found that AA+AG genotype and A allele of WWOX rs9926344 were significantly associated with recurrent risk of HCC (p=0.002 and p=0.001, respectively). The Kaplan-Meier curve showed that patients carrying rs9926344 AA +AG genotype had poor RFS (P=0.004) and OS (P=0.005) compared to those carrying GG genotypes. The multivariate COX regression analysis showed that the AA+AG genotype were an independent prognostic factor for tumor recurrence (HR 1.787, P=0.035). Furthermore, IHC analysis showed that the WWOX protein down-regulation is more frequent in patients with AG genotype compared to those with GG genotype (P=0.023). Conclusion: Our findings indicate that WWOX rs9926344 polymorphism is positively correlated with tumor recurrence and can be used as an independent prognostic marker for HCC patients after operation.
Introduction
Hepatocellular carcinoma (HCC), which accounts for 70-90% of primary liver cancer, is one of the most common human cancers and considered to be the leading cause of cancer-related death worldwide [1, 2] . The global cancer statistics showed that a total of 782,500 new liver cancer cases and 745,500 deaths occurred during 2012, around half of those cases and deaths happen in China, mainly due Ivyspring International Publisher to the high prevalence of hepatitis B virus (HBV) infection in its population [3] . Although its mortality decreased gradually due to the rapid development of therapeutic methods, including the technological progress of surgical operations, the long-term prognosis remains unsatisfactory. The main reason for the poor clinical outcome in HCC patients is postoperative recurrence. For example, recent study has pointed out that the recurrence rate after resection is approximate 50% within the first 2 year and 75% within the first 5 year [4] . However, no effective neoadjuvant or adjuvant therapies for reducing risk of recurrence are available. With the current lack of specific biomarkers for reliably predicting recurrence and long-term prognosis, the identification of new biomarkers for more effective prognosis prediction may contribute to the improvement of postoperative quality of life in HCC patients.
The WW domain-containing oxidoreductase (WWOX) gene is located on chromosome 16q23.3-24.1 and spans the Common Chromosomal Fragile Site (CCFS) FRA16D. This gene is widely expressed in human tissues and encodes a protein that contains two N-terminal WW domains and a central short chain dehydrogenase/reductase domain (SDR) [5, 6] . Previous studies have implicated that WWOX is considered as a tumor suppressor [7, 8] and participates in a diversity of cellular activities, such as maintaining genomic stability, controlling CNS development and moderating the mitochondrial respiratory complex [9] [10] [11] . However, the exact molecular mechanisms of WWOX in the occurrence and progression of human cancer remains dismal and in need for further investigation. To date, a number of studies mainly focused on the correlations between aberrant expression of WWOX gene and human cancers [12] [13] [14] . Previous studies had also pointed out that breast, esophageal and non-small cell lung cancers show high loss of heterozygosity (LOH) rates of WWOX. The LOH of WWOX gene also occurred in hepatocellular carcinoma and HCC cell line [15, 16] .
Considering the significant potential of WWOX in tumorigenesis and development, genetic variations within this gene are believed to affect the progression of tumor. But disappointedly, studies exploring the relationship between WWOX gene polymorphisms and tumor recurrence or HCC clinical outcome are very limited [17, 18] . To test this hypothesis, 8 HCC patients with early tumor recurrence and 8 patients without recurrence were selected randomly for genotype analysis in order to identify potential SNPs between these two groups and subsquently to determine whether those candidate SNPs may be associated with clinical outcome in another group of 136 patients after curative resection.
Materials and Methods

Study population
From January to July 2009, a total of 152 pathologically confirmed HCC patients were recruited from Department of Liver Surgery, Zhongshan Hospital, Fudan University. Samples were snap-frozen in liquid nitrogen and stored at -80℃. Clinical and pathological characteristics were obtained from the clinical, including age, HBV (hepatitis B virus) status, gender, tumor number and size, tumor thrombi, TMN staging and tumor differentiation. Among those patients, 8 cases with tumor recurrence within 2-years after operation and 8 cases without tumor recurrence were selected randomly for screening the candidate SNPs in WWOX gene by using the Affymetrix Genome-Wide Human SNP 6.0 platform. The remaining 136 patients were used to verify and determine the prognostic significance of the selected SNPs of human HCC. No patients had previous history of other cancers or received any anticancer treatment before curative resection. All patients have written informed consent, and the approval of the ethical committee of Zhongshan hospital was also obtained.
Follow-up
The follow-up data were obtained through medical chart review or direct calling. The follow-up period was calculated from the date of surgery to the date of death or the last follow-up time. The latest follow-up in this study was carried out in April 2015. For postoperative surveillance of tumor recurrence, AFP, ultrasonography and emission computed tomography were used every 3 months for the first 2 year, and semiannually thereafter. If recurrence was under suspicion, supplementary examinations such as Magnetic Resonance Imaging (MRI) were performed.
DNA extraction
After thawed, the cancerous tissues obtained from 16 HCC patients and the following 136 cases were used to extract the genomic DNA (gDNA) by using the Qiaamp DNA mini kit (Qiagen, Hilden, Germany) in strict accordance with the manufacturer's instructions. Thereafter, DNA qualities were assessed on 2% agarose gel and DNA concentration was measured by NanoDrop 2000 (Thermo Scientific, Waltham, MA, USA).
SNP identification and verification
To identify candidate SNPs in WWOX gene, 16 patients, including 8 patients with tumor recurrence within 2-years after operation and 8 patents without tumor recurrence, were selected randomly for genotyping by Affymetrix Genome-Wide Human SNP 6.0 platform. Then we observed the similar distribution of genotypic and allelic frequencies of all detected SNPs in both recurrence group and non-recurrence group and calculated the difference between the two groups. Once the discrepancy rate was more than 50%, this SNP was defined as a candidate SNP and used for the following study.
To verify these candidate SNPs, the remaining 136 patients were also classified as recurrence group and non-recurrence group and then further genotyped by USA Sequenom MassARRAY (TOF-MS). We also observed the distribution of genotypic and allelic frequencies of these candidate SNPs and calculated the difference between the two groups.
Immunohistochemistry
Immunohistochemistry was performed as previously described, with minor modifications according to the previous study. Formalin-fixed paraffin sections were obtained from the Department of Pathology, Zhongshan hospital. The percentage of positive cells and the intensity of immunostaining were used to produce a weighted score for each case.
Statistical analysis
Clinicopathological data were expressed as the mean ± SD. The pearson's chi-squared test or Fisher's exact test were used for comparing clinicopathologic variables. Overall survival (OS) was defined as the interval from the date of radical surgery to the date of death. Recurrence-free survival (RFS) was defined as the interval from the date of radical surgery to the first date of recurrence. OS and RFS were calculated using the Kaplan-Meier method and the log-rank test was used for determining the significance. The univariate and multivariate Cox proportional hazards regression models were used for evaluating the effects of each clinical data, and WWOX genotypes on OS or RFS. All statistical analyses were performed using SPSS 19.0 for Windows (IBM, Armonk, NY, USA) and a P-value less than 0.05 was considered statistically significant.
Result
Clinical characteristics of the study population
A total of 152 patients enrolled in this study. The basic clinicopathologic data of the patients are summarized in Table 1 . In the SNP array analysis, 16 patients, including 8 patients with tumor recurrence within 2-years after operation and 8 patients without tumor recurrence, were selected randomly. In the TOF-MS analysis, the remaining 136 patients, including 117 males and 19 females, were analyzed in the following study with a mean age of 53.1 ± 11.2 years, ranging from 26 to 78. 111 patients (81.6%) were HBV markers positive. 120 (88.2%) patients had liver cirrhosis and 48 (35.3%) patients had tumor thrombi, including macroscopic and microscopic tumor thrombi. 90 patients were TNM-StageⅠand Ⅱ based on the criterion of TNM staging system, established in 2010 by the the American Joint Committee on Cancer (AJCC) and the Union for International Cancer Control (UICC). 
Identification of candidate SNPs within WWOX
Using the Affymetrix SNP array 6.0, 16 patients were successfully genotyped. Then we observed the distribution of genotypic and allelic frequencies of detected SNPs and selected the SNPs which allele frequency difference are more than 50% between recurrence and non-recurrence group, then selected the SNPs which show P-value less than 0.01 in the Cochran-Armitage trend test (weighted by the additive version, t= (0, 1, 2)). Finally there were 32 SNPs fitting the screen strategy and, therefore, selected as candidate SNPs (data were not shown)
Association analysis of candidate SNPs with HCC recurrence
Thereafter, we conducted genotyping experiments for these candidate SNPs in the remaining 136 HCC patients. In the early stage of our experiment, 58 cases have been diagnosed as tumor recurrence within 2-years after operation and 78 cases without tumor recurrence according to the early follow-up data after operation. The distribution of genotypic and allelic frequencies of candidate 32 SNPs were observed and the differences were also calculated.
For rs9926344, 136 patients were genotyped successfully by the TOF-MS method and the GG genotype was detected in 108patients, AG in 24 patients and AA in 4 patients (Fig. 1) . As is shown in Table 2 , the recurrence group had a higher prevalence of AA+AG (31.1%) than the control subjects (10.6%, P = 0.002). For allele comparison, the recurrence group had also a higher A allele frequency (19.0%) than the recurrence group (6.4%, P = 0.001).
For the other candidate SNPs, the genotype and allele frequencies were not associated with the HCC recurrence after the adjustment with the aforementioned confounding factors. 
Association of different rs9926344 genotypes with clinicopathological variables
Then, we analyzed the association between rs9926344 genotypes and the clinicopathological features in 136 HCC patients. Compared to the rs9926344 GG genotype, the rs9926344 AA+AG genotypes appeared in high frequency in advanced TNM-stage (P = 0.042). No significant differences were found between the two groups for other preoperative and postoperative characteristics (Table 3) .
WWOX rs9926344 polymorphisms was associated with the poor prognosis of HCC patients
The follow-up data were obtained through medical chart review or direct calling and the latest follow-up in this study was carried out in April 2015. However, 17 patient lost follow-up before the deadline. Therefore, we got the remaining 119 HCC patients' follow-up data for prognosis evaluation. Out of 119 patients, 76 cases were diagnosed as tumor recurrence and 64 cases died of the tumor. Thereafter, we evaluated the association between the WWOX SNP and the prognosis of HCC patients after surgical resection. A significant relationship was found between rs9926344 and RFS or OS in Kaplan-Meier analysis (Fig. 2) . The patients who carried the AA+AG genotype had poorer prognosis than those with GG genotype. The Kaplan-Meier curve showed that the median OS time in patients carrying AA+AG genotype was 35.6 months, which was apparently lower than that patients carrying GG genotype (the median OS time was 50.4 months), and the difference is statistically significant (P = 0.005); the median RFS time in patients carrying AA+AG genotype was 24.2 months, which was also lower than that patients carrying GG genotype (the median RFS time was 40.9 months), and the difference is also statistically significant (P = 0.004).
To further evaluate the prognostic value of the polymorphisms of rs9926344 in HCC patients, univariate and multivariate Cox regression analysis were performed. Using the univariate analysis, we found that patients with the AA+AG genotype had a significantly decreased RFS [unadjusted hazard ratio (HR) 2.021, 95% confidence interval (CI) 1.233-3.312, P = 0.005] and OS (unadjusted HR 2.089, 95% CI 1.237-3.526, P = 0.006) compared with those with the GG genotype (Table 4) . Besides, we also found that the AFP level, tumor number and size, tumor thrombi, TNM stage and poor tumor differentiation may have significant influence on the prognosis of patients with HCC. Adjusted by these predictive indicators above, multivariate Cox proportional hazards regression model was next performed to evaluate the independent predictive value of rs9926344 polymorphisms on RFS and OS ( Table 5 ). The results showed that, compared to patients carrying the GG genotype, patients with the AA+AG genotype had a higher risk of relapse and death (adjusted HR 1.787, 95% CI 1.042-3.064, P = 0.035 and adjusted HR 1.621, 95% CI 0.917-2.816, P = 0.097 for RFS and OS, respectively), especially in predicting the tumor recurrence. Taken together, these results imply that rs9926344 AA+AG genotypes could be used as an independent prognostic marker for HCC after operation. 
WWOX expression in HCC patients' samples
Haematoxylin and eosin (H&E) staining results showed that the malignant cells were relatively homogeneous in the tumor tissue. Then, we performed immunohistochemistry (IHC) analysis of WWOX expression in 100 HCC patients, which were selected randomly among those patients above. First, we compared the difference of WWOX expression between the adjacent normal liver tissues (the peritumor tissue) and the tumor tissues. As shown in Fig. 3 , the staining pattern of WWOX was mainly cytoplasmic in both the tumor and the corresponding peritumor tissues and IHC staining revealed that the WWOX expression was significantly lower in tumor tissues compared to the peritumor tissues. Thereafter, we compared the difference of WWOX expression between the AA group or AG group and the GG group and the results showed that the WWOX down-regulation is more frequent in patients carrying rs9926344 AG genotype than those carrying GG genotype, which is 75.0% (12/16) to 43.9% (36/82), with the difference being statistically significance (P = 0.023). And this result suggested the poor prognostic value of A allele. No significance was found between the AG and AA genotypes (75.0% vs. 0%, P = 0.098) or the AA and GG genotypes (0% vs. 43.9%, P = 0.504).
Discussion
Increasing evidences have indicated that single nucleotide polymorphisms (SNPs) within oncogenes or tumor suppressors are widely viewed as the key factors in the carcinogenesis and progression of human tumors [17] [18] [19] [20] . Our previous studies focused on the gene polymorphisms on chromosome 8p and their relationship to HCC metastasis and we found genetic variations such as single nucleotide polymorphisms on chromosome 8p may contribute to the modification of the promoter transcriptional activity and gene expression, which may influence HCC metastatic potential and clinical prognosis [21] [22] [23] [24] . In the present study, using Genome-Wide Human SNP Array 6.0 and time-of-flight mass spectrometry, we detected the genomic SNPs within WWOX from HCC patients and identified the significant SNPs genotype. We analyzed the difference between different groups and investigated their values in predicting tumor recurrence and prognosis in HCC patients. We found that the AA or AG genotypes of rs9926344 within tumor suppressor gene WWOX indicate higher risk of HCC recurrence and, therefore, can be used as an independent predictor of HCC recurrence. Immunohistochemical expression analysis showed that the expression of WWOX is significantly down regulated in HCC tissue, when comparing to the pericancerous tissues. Next, in order to further investigate the possible correlation between the rs9926344 polymorphism and WWOX protein expression, the protein expression levels in tumorous samples between different genotypes were also analyzed. And the result indicated that the WWOX protein down-regulation is more frequent in patients with AG genotype compared to the GG genotype, suggesting the poor prognostic significance of A allele. However, the WWOX expression level in patients with AA genotype is not significantly different when compared to those in AG or GG group. This phenomenon may contribute to small number of patients with the AA genotype (only 2 samples) and large standard error. If the sample enlarged, some differences among these groups might be found. Therefore, further investigation is required to rigorously verify this conjecture. WWOX gene's official name is WW domain containing oxidoreductase, also known as WOX1 or FOR. This gene spans the common fragile site FRA16D, located in 16q23.3-24.1 locus. The 1.3Mb open reading frame (ORF) of WWOX, containing 9 exons, encodes two WW binding domains at its N terminal region, a nuclear localization sequence (NLS) and a short-chain alcohol dehydrogenases/reductases (SDR) domain at C terminal [25] . Evidence shows that WWOX possess apoptosis properties by interacting with proteins in different signaling pathways. When cells affected by stress signals or tumor necrosis factor (TNF), WWOX regulates the apoptosis by down regulating apoptosis inhibitors Bcl-2 and Bcl-xL, binding and stabilizing the activating form of p53 protein, translocating into the nucleus and mitochondria to induce apoptosis synergistically [26] [27] [28] [29] . Another study points out that WWOX enhances TNF cytotoxicity in L929 fibroblasts and is regarded as a downstream effector in TNF signaling pathway [27] . A zinc finger-like protein Zfra acts in a dual role in regulating cytotoxic effects of TNF, and physically interacts with the N-terminal first WW domain and C-terminal SDR domain of WWOX [30] . Research shows that staurosporine-induced apoptosis results in WWOX and Zfra cotranslocting to mitochondria, and Zfra suppressing the expression of Bcl-2 and invoking apoptosis via mitochondrial pathway [31] . However, another research indicates that TNF can increase the binding of Zfra and WWOX, and the over expressed Zfra sequester WWOX in the cytoplasm. The binding abolishes both apoptotic function of WWOX and Zfra [30] , indicating that Zfra is a negative regulator of WWOX.
Moreover, it is considered that the LOH and homozygous deletions in the WWOX gene are widely detected and have an intimate connection with human disease, including cancer [32] [33] [34] . However, the next generation sequencing made more point mutations of WWOX been noticed. The c.358 C>T (Arg120Trp) missense polymorphism is found in colorectal tumors [16] , non-small-cell lung cancers (NSCLC) [35] , and esophageal cancers [36] . For instance, the c.358 C>T (Arg120Trp) and the c.760 C>T (Arg254Cys) are in exon 4 and 7, and they are considered to be related to lung carcinogenesis [35] . While the c.844 C>G (Pro282Ala) is a risk factor for differentiated thyroid carcinoma [37] and is associated with gastric cardia adenocarcinoma (GCA) susceptibility in Northern Chinese [38] . To our knowledge, only few studies has been investigating on the relationship between different polymorphisms of WWOX gene and tumor occurrence and progression in patients with HCC. After genotyping 5 single-nucleotide polymorphisms (SNPs) of the WWOX gene in 354 HCC patients and 708 normal controls using an ABI StepOne TM Real-Time PCR System, Lee HL and colleagues [17] found that a polymorphism within WWOX (rs12918952) can be used as a significant and reliable biomarker for predicting both early HCC occurrence and disease progression. In brief, WWOX is involved in so many pathways that affect apoptosis and metastasis, manifesting that there are potential effects of WWOX in regulating tumor activities to be uncovered. Based on those valuable results, we further proposed a significant difference between HCC patients with and without tumor recurrence in genetic variations of WWOX gene. To test this hypothesis and identify potential SNPs, genotype data from 8 HCC patients with tumor recurrence and 8 patients without recurrence were obtained using Affymetrix SNP 6.0 Array. The difference between recurrence group and non-recurrence group was calculated and the candidate SNPs were screened and further verified by TOF-MS. Intriguingly, our present results were consistent with previous studies reconfirming that there is correlation between the recurrence and WWOX polymorphisms, that provides insights for further efforts that investigate WWOX tumor suppression gene.
To summarize, we found that a polymorphism in WWOX gene (rs9926344) has an obvious impact on tumor recurrence in HCC patients after curative operation. This interesting finding has a potential clinical significance in assessing tumor progression and predicting postoperative tumor recurrence in patients with hepatocellular carcinoma.
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